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In this study several bioceramic materials (i.e. hydroxyapatite, whitlockite) were prepared by using chemical
synthesis method from sea snail shells (Tiger Cowrie - Cypraea Tigris), originated from Pacic Ocean. Marine
shells usually present aragonite-calcite structures and generally, complicated and pressurized equipment is necessary
to convert these structures into bioceramics. Instead of using complicated systems, a basic ultrasonic equipment
and simple chemical synthesis method was used in the process. DTA analysis was performed to calculate the
required amount of H3PO4 solution in order to set the appropriate stoichiometric ratio of Ca/P equal to 1.667
for HA bioceramic or to 1.5 for β-TCP bioceramic in the titration. The prepared batches were sintered at 800 ◦C
and 400 ◦C for hydroxyapatite (HA) and β-tri calcium phosphate (β-TCP) forms respectively. X-ray diraction
analysis, scanning electron microscopy (SEM) and infrared observations (FTIR) were implemented for both TCP
and HA bioceramics. By applying the chemical synthesis with basic ultrasonic equipment, this study proposes a
simple way of production for nano-HA /TCP powders from a natural marine sources.
DOI: 10.12693/APhysPolA.127.1055
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1. Introduction
A wide variety of materials has been investigated in
the quest of developing novel and eective bone graft
substitutes, which can either be used to repair defects
and restore the irregularities in bones [1]. Having the
following chemical structure Ca10(PO4)6(OH)2, HA, is
the most commonly used bioactive material for produc-
tion of a new generation of biomimetic implants, aim-
ing an ultimate level of bioactivity and biocompatibility
[2, 3]. Biological apatites attract special interest owing
to their substitutional Ca2+, PO3−4 and OH sites and
the presence of several trace elements in the structure
[46]. The trace elements play an important role in the
overall physiological functioning, properties and in the
osseointegration process [4]. Those biological HAs are
ideal materials for bone grafting, maxillofacial surgery
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and augmentation and as bone fracture healing material
in orthopedics [7]. Although, the autogenous type bone
grafts are primarily chosen as golden standards for bone
grafting, there are still limitations of nding a healthy
donor and the possibility of requirement of additional
post-surgeries [8]. Allografts, are the implants taken from
a range of sources [9] and xenografts (i.e. taken from
bovine bone), can also be a second choice but various po-
tential infections may accompany these grafts [10]. Syn-
thetic HAs, from reagent chemicals on the other hand are
another possible source, but they don't include trace ele-
ments (i.e. strontium) which are essential. Currently, for
this purpose, natural materials including marine struc-
tures are employed to produce calcium phosphates, with
a number of synthesis methods, including high temper-
ature calcinations [89] or by applying various chemical
conversion processes from calcium carbonate. Corals are
usually preferred as calcium carbonate sources, but these
are having only calcite-aragonite based structures. Addi-
tionally various marine structures (Mussels shells [1113],
sea urchin shells [1417] and sea snail shells [1821]) have
(1055)
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been also utilized as well. Other than marine sources, the
shells of land snails [22] and egg shells of hens [23] have
been the alternative sources for such bioceramics.
The production methods for these bioceramics are also
very important. Usually high pressured hydrothermal
methods were used for bioceramic production from cut-
tle sh [24], sea shells [25] and corals [26]. Chemical
agitation method by a simple hot-plate stirrer [1214,
1619, 23] and ultrasonic equipment [12, 1417, 2023]
enables to form TCP and HA structures by an easier
way in comparison to the high pressurized hydrothermal
methods [2324].
In this study as a TCP and HA source Tiger Cowrie
(Cypraea Tigris) shells were used. The Tiger Cowrie is
a typical sea snail which lives in the Indo-Pacic Region.
It is one of the most common sea snail (mollusk) in the
Pacic Ocean and emerges in large numbers over the ma-
jority of the tropical Indo-Pacic Region (from Africa to
Hawaii) [27]). The aim of this study is to produce nano-
bioceramic structures using a simple ultrasonic equip-
ment and chemical synthesis method.
2. Materials and methods
Tiger Cowrie shells, shown in Fig. 1, were obtained
from a local gift store in Istanbul-Turkey. The shells
were washed and cleaned in tap water, to get rid of the
possible dirt. The shells were crushed down into smaller
parts and then grinded in a hand mortar. Grinded
powders were sieved trough a 75 µm sieve. Dieren-
tial thermal analysis (DTA/TG) was conducted with
a Netzsch-Gerätebau GmbH-STA (Selb/Bavaria, Ger-
many) 449 C Jupiter Thermo-microbalance instrument,
in order to determine the exact CaCO3 content of the
shells (Fig. 2). The total mass loss for the shells was
measured as 44.37%. First the raw powders were sus-
pended in an ultrasonic equipment and the reaction tem-
perature was set to 80 ◦C. After 15 min, the equivalent
amount of H3PO4, with respect to the CaO content, was
added drop by drop by titration. In this process two
dierent Ca/P ratios were obtained: 1.667, corresponds
the ratio of HA, and 1.5, for the TCP ratio. The re-
action was sustained ultrasonicated for 8 hours. After
evaporation, the obtained HA and TCP mixtures were
placed into an incubator at 100 ◦C overnight for further
purication. Completely dried sediments were taken for
X-ray diraction analyses to identify the resultant crys-
talline phases. The SEM analysis, on the other hand,
illuminates the morphology of the produced bioceramics
whereas the chemical structure analyses of the powders
were conducted with the FTIR spectra.
3. Results and discussion
SEM image, shown in Fig. 3, was taken from the frac-
ture surface of untreated Tiger Cowrie (Cypraea Tigris)
shell, which porous, layered structure can be easily seen.
The SEM images of ultrasonically treated TCP and HA
Fig. 1. Tiger Cowrie ( Cypraea Tigris).
Fig. 2. DTA/TGA analysis of the Tiger Cowrie shell.
samples are given in Fig. 4 and Fig. 5 respectively. In
Fig. 4 nano-structures are evident, the white arrow point-
ing to the right, is indicating a nano-briller structure of
about 100 nm in diameter and 0.5 µm in length. The
white arrow pointing downwards, indicates a long b-
rilar structure of 1.5 µm in length and 120 nm in cross-
section. TCP particles look like clipped bers, these illus-
Fig. 3. SEM image from cross section of untreated
Tiger Cowrie (Cypraea Tigris) shell.
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Fig. 4. SEM studies of ultrasonically treated TCP
samples (×3000) magnied.
Fig. 5. SEM studies of ultrasonically treated HA sam-
ples (×3000) magnied.
trate both small and big agglomerates. In Fig. 5 the big
white arrow is indicating another nano-structured bril
with a 3 µm length and a 150 nm diameter. The other
brilar structures are evident through the image. The
general morphology of TCP-based structures looks like
a number of needles, cluttered irregularly in the image,
whereas HA based structures have bigger agglomerates
which clump with each other.
The x-ray diraction data in Fig. 6 illustrate the main
phases for HA and TCP bioceramics. For the HA-based
materials (PDF2 card no: 04-9808), there are also some
dominant whitlockite phase which can be described as
β-TCP in the literature [28] (PDF2 card no: 00-2071)
and some minor calcite phases are observed. For the
TCP based materials on the other hand, some dominant
HA and tricalcium bis phosphate (V) hydroxide phases
(PDF2 card no: 07-9408) as well as calcite phases can be
observed.
Figure 7 shows that the characteristic absorption peaks
of HA and TCP powders were revealed by FTIR analy-
Fig. 6. X-ray diraction patterns of ultrasonically
treated TCP (lower) and HA (upper) samples.
Fig. 7. FTIR patterns of ultrasonically treated and un-
treated (the lowest) samples.
ses. The bands at 562, 599 and 625 cm−1 indicated the
characteristic reections of the v4PO
3−
4 vibrations, the
bands at 962 and 1022 cm−1 exhibited the v1PO
3−
4 vi-
brations and the band at 1087 cm−1 was due the v3PO
3−
4
vibrations, which correspond to the asymmetric bending
vibrations, symmetric stretching and asymmetric stretch-
ing of phosphate groups respectively. As the calcination
temperature increased from 400 ◦C to 800 ◦C, the peaks
of the phosphate group became more apparent at 625,
962 and 1087 cm−1. There are no peaks assigned to the
O-H stretching vibrations in Fig. 7. In the FTIR spectra
carbonate groups CO2−3 , generally identied by absorp-
tion band at 1457 cm−1 (v3CO
2−
3 ), and especially by the
presence of the band at 870 cm−1, have been used for
estimation of carbonates (v3CO
2−
3 ) in phosphates. The
absence of these bands illustrated the success of the pro-
cess.
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4. Conclusions
In this study a simple mechano-chemical method was
used to obtain nano-bioceramics. When compared to
previous studies, which have used complicated and time
consuming methods, this study presents an advantage
by only using ultrasonic equipment in the production of
nano-bioceramics. Thus, the production of nano sized
HA and TCP particles from Tiger Cowrie shells is pos-
sible and these can be considered as good candidates for
new generation of biological implants.
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